In the present study, trace elements present in the river waters of Sarzhal and Akzhar region were measured using inductively coupled plasma mass spectrometry (ICP-MS). The reason for monitoring trace elements at those two locations is to verify water quality. The village of Sarzhal is situated in an area that has been affected by weapon testing and continues to receive inputs of contaminants (including radionuclides). The concentrations of trace elements in the river water of Sarzhal and Akzhar villages were generally found to be within allowable levels. However, the concentrations of Na 251.56 mg/l, Cr 3.26 µg/l, P 64.56 µg/l and Se 18.162 µg/l in the river of Akzhar were found to be higher than the maximum allowable concentrations (MAC). In Sarzhal, the level of Al 6.66 mg/l, Cr 5.04 µg/l and P 13.44 µg/l exceeded the MAC values.
Introduction
Water is essential for life and its quality is important for public health and safety [1] . Water is also an important source of trace elements that are required for life as some trace elements play important biochemical roles [2] . However, excess of essential trace metals (like Fe, Mn, Cu, Zn, Co, Ni, etc) can be toxic. Deficiency or excess in the human system can lead to a number of disorders. Other trace metals (like Pb, As, Hg, etc) are not essential and can definitely be toxic above certain levels [3] . Trace metals can be considered toxicants that are widely distributed in the environment, with sources mainly from the weathering of minerals and soils [4, 5] .
On the other hand, monitoring water quality is especially important in East Kazakhstan, because of the introduction of contaminants by nuclear tests that were carried out at the Semipalatinsk Nuclear Test Site (SNTS). SNTS covers a portion of the northwestern part of the East Kazakhstan oblast (formerly known as the Semipalatinsk oblast), as well as parts of the Pavlodar and Karaghandy oblasts (oblasts are administrative units, similar to states in the U.S.) [6] .
Information on the distribution of trace elements in the river water of Sarzhal and Akzhar villages are very limited and water from these rivers is mainly used for agriculture and animal husbandry purposes. The Chagan river is recharged within the limits of the SNTS and flows along the village of Sarzhal, on the east side of SNTS. At the end of its path, the Chagan river meets the Irtysh River that passes through the city of Semey. The length of the Chagan river is 275 km, including 50 km along the "Balapan Site", flowing to Atomic Lake (the water-collecting area near the test tunnels is around 900 km 2 ). The purposes of this study were to quantify trace elements in the river waters sampled from the settlements adjoining to the SNTS, to compare the measured concentrations with the Republic of Kazakhstan maximum allowable concentration (MAC) values and to report the findings such that appropriate actions are taken to protect the local populations. SNTS polygon (which covers an area of 18,500 km 2 ). It appears that the Opytnoe Pole (located in the North-West) was used for all air and surface testing while the other regions were used for underground testing [6] . Opytnoe Pole was reported to be the site of 86 nuclear tests in the air and 30 on the ground. It was also reported to have been used for battle tests using nuclear materials (no bombs). The Balapan region, to the East of the SNTS where Atomic Lake is located, covers an area of about 780 km 2 . According to the reports, it was the site of 105 underground nuclear tests [7] . The Degelen region, middle-South of the SNTS, covers an area of about 300 km 2 . It was reported to be the site of 209 underground nuclear tests [8] . Another testing area was Sary-Ozen, located in the South-West of the SNTS, where 24 underground nuclear tests have been reported [9] .
The village of Sarzhal is situated on the South-East border of the SNTS. The village was contaminated by radionuclides and metals due to the nuclear tests. For this area, the most important contamination event was reported to be the testing of the first thermonuclear explosion that took place on the Opytnoe Pole 23 August, 1953 [10] . Other potential sources of contamination, for the population of this village, include the sites of explosions of Tel'kem 1 and Tel'kem-2, which are situated within the Balapan region but several dozen of kilometers from Sarzhal (The 2 craters are currently filled with groundwater and animals have been seen drinking from these craters.) and the Degelen mountains [10] . For this area, most of the contamination originates from underground testing.
The village of Akzhar is situated on the North border of the SNTS. The main potential source of contamination was the nuclear tests which were carried out on "The Experimental field" site also known as the Opytnoe Pole. Test site area and adjacent territories were exposed repeated to radioactive and metal contamination. In this region, the main sources of contamination were from atmospheric explosions.
All of these settlements are shown in Figure 1 . Water samples were collected from the rivers of Akzhar and Sarzhal villages during the summer of 2012.
15 samples were collected along the river from 5 sampling locations (3 samples were collected at each location). The samples were obtained from Akzhar to about 1 km downstream of the village. Similarly, 15 samples were obtained starting from the Sarzhal village to about 1 km upstream of the village. The sample volumes taken were between 1.5 and 2.0. The ambient temperature was 25˚C and the water temperature was 18˚C at the time of sampling for the river of the Sarzhal village. The ambient temperature was 23˚C and the water temperature was 17˚C at the time of sampling for the river of the Akzhar village. The samples were collected by pouring water into plastic polyethylene bottles. The bottles were then labeled and transported to the laboratory. The samples were kept at ambient temperature during the transport and storage. The samples were transferred to the laboratory and acidified with 1 -2 ml of concentrated nitric acid (pH < 2).
At the sampling locations, the dose rates were measured, using a radiometer "RKS-01-SOLO" ("Solo" Company, Kazakhstan), dosimeter-radiometer "MKS-AT6130" ("Atomtech" Company, Belarus).
Trace elements were identified and quantified using inductively coupled plasma mass spectrometry (ICP-MS) Varian-820 MS (Varian Company, Australia). Calibration standards Var-TS-MS, IV-ICPMS-71A (Inorganic Ventures Company, USA) were used for calibrating the mass-spectrometer: sensitivity of the mass-spectrometer was tuned up using a diluted calibration solution Var-TS-MS with concentration of Ba, Be, Ce, Co, B, Pb, Mg, Tl, Th of 10 µg/l. Three calibration solutions were used for the detector calibration. They were IV-ICPMS-71A of
Results
The levels of background radiation at the sampling sites were: 0.11 -0.13 µSv/h at the Sarzhal river and 0.10 -0.12 µSv/h at the Akzhar river. Tables 1 and 2 present the concentration of trace elements in Akzhar and Sarzhal river waters, respectively.
Some trace element concentrations were found to be variable. For example, in the river of Akzhar the values obtained ranged between 44.8 and 325 mg/l of Na, 16.7 to 83.9 mg/l of Ca, 27.8 to 75.9 mg/l of Mg, 0.02 to 2.10 mg/l of Zn, 0.05 to 1.51 mg/l of Cu; 0.07 to 5.0 µg/l of V, 0.07 to 2.04 µg/l of Pb, 0.95 to 82.0 µg/l of Se and 18.98 to 109.0 µg/l of P. In water samples of Akzhar the concentrations of Na, Cr, P and Se were found to exceed the MACs (Figure 2) .
Trace element concentrations also showed some variability in the river of Sarzhal. For example the ranges were 58.2 to 278.0 mg/l for Ca, 1.25 to 6.92 mg/l for K, 0.002 to 10.8 mg/l for Al; 0.08 to 4.50 µg/l for V, 1.35 to 6.82 µg/l for Ni, 3.38 to 42.0 µg/l for Ba, 0.95 to 4.00 µg/l for As, 0.1 to 2.15 µg/l for Pb, 2.36 to 21.9 µg/l for P. The levels of Al, Cr and P exceeded the MACs (Figure 2) . Considering the median values and the distribution of trace element concentration, from the river waters obtained from Sarzhal and Akzhar, regional differences are apparent (Figure 2) . While the concentrations of K, Sr, Zn, Cu Cr, V, Mn, Ni, Rb, As, Ag, Pb and Cd were found to be similar in all samples, the content of the following trace elements increased from the Sarzhal to Akzhar rivers: Na from 19.43 to 252.0 mg/l, Mg from 18.7 to 44.3 mg/l; Se from 3.41 to 18.16 µg/l and P from 13.44 to 64.56 µg/l. However, the levels decreased for the following: from 120.4 to 54.8 mg/l for Ca, from 6.66 to 0.07 mg/l for Al, from 0.18 to 0.07 mg/l for Fe, from 0.11 to 0.07 µg/l for Co and from 15.35 to 2.0 µg/l for Ba.
Conclusion
From the data presented above, obvious differences in trace elements exist in the rivers of Sarzhal and Akzhar villages. In depth studies, including the quantification of trace, element distributions (heavy metals and radionuclides) in the water resources, are required to identify the sources and characterize contaminant migration such that actions can be taken to preserve/improve the quality of water used for drinking and farming.
